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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 
Length ____ _ 
Time ____ __ _ 
Force _____ _ 
Symbol 
l 
t 
F 
Metric 
Unit 
meter ____________ ___ ____ _ 
second __________ ____ ____ _ 
weight of one kilogram ____ _ 
Symbol 
m 
sec 
kg 
English 
Unit Symbol 
foot (or milc) ____ ___ __ ft . (or mi.) 
second (or hour) _____ __ sec. (or hr.) 
weight of one pound lb. 
PoweL_____ P kg/m /sec __________ ____ ___________ __ horsepowec ______ ___ _ HP. 
S d {km/hr --- - --- - ----- - ---- - ---------- mL /hr _____________ ___ M. P. H. pee ----- - - -- - -- -- -- m/sec ____ _______ _____ ____ ____ ______ ft ./scc ___________ _____ f. p. 6. 
2. GENERAL SYMBOLS, ETC. 
W, Weight, = mg 
g, Standard acceleration of gravity=9.80665 
m/sec.2 = 32.1740 ft./sec.2 
W 
m, Mass,=-g 
p, Density (mass per unit volume) . 
Standard density of dry air, 0.12497 (kg-m-' 
sec.3) at 15° C and 760 mm=0.002378 (lb.-
ft.-4 sec.2). 
Specmc weight of "standard " air, 1.2255 
kg/ms = 0.07651 Ib./ft.3 
mk2, Moment of inertia (indicate axis of the 
radius of gyration, k, by proper sub-
script). 
S, Area. 
Sw, Wing area, etc. 
G, Gap. 
b, Span. 
c, Chord length. 
b/c, Aspect ratio. 
j, Distance from c. g. to elevator hinge. 
J.t, Coefficient of viscosity. 
3. AERODYNAMICAL SYMBOLS 
V, True air speed. 
q, Dynamic (or impact) pressure=i p p 
L, Lift, absolute coefficient OL= ~ 
D, Drag, absolute coefficient OD=; 
0, Cross - wind force, a b sol ute coefficient 
o 
Oe=qS 
R, Resultant force. (Note that these coeffi-
cients are twice as large as the old co-
efficients Le, Dc.) 
iw Angle of setting of wings (relative to thrust 
line). 
it, Angle of stabilizer setting with reference to 
thrust line. 
'Y, Dihedral angle. 
Vl Reynolds Number, where l is a linear 
p j;' dimension. 
e. g. , for a model airfoil 3 in. chord, 100 
mi./hr. normal pressure, 0° C : 255,000 
and at 15° C. , 230,000; 
or for a model of 10 cm chord 40 m/sec, 
corresponding numbers are 299,000 
and 270,000. 
Op, Center of pressure coefficient (ratio of 
distance of O. P. from leading edge to 
chord length) . 
{3, Angle of stabilizer setting with reference 
to lower wing, = (it - iw) . 
a, Angle of attack. 
E, Angle of down wash. 
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WATER-PRESSURE DISTRIBUTION ON A SEAPLANE FLOAT 
By F. L. THOMPSON 
SUMMARY 
The investigation reported herein was conducted by the National Advisory Oommittee for 
Aeronautics at the request of the Bureau of Aeronautics, Navy Department, for the purpose oj 
determining the distribution and magnitude oj water pressures likely to be experienced on seaplane 
hulls in service. It consisted of the development and construction oj apparatus jor recording water 
pressures lasting one one-hundTedth second or longeT and of flight tests to deteT1nine the water pressures 
on a UO-1 seaplane float undeT various conditions oj taxying, talcing oi!, and landing. 
The apparatus developed was jound to operate with satisjactory aCCUTacy and is suitable JOT 
flight tests on other seaplanes. 
The tests on the UO-1 showed that maximum pl'eSSUTes oj about 6.5 pounds per square inch 
occur at the step jor thejull width oj the float bottom. ProceedingjoTwardjrom the step the maximum 
pressures decrease in magnitude uniformly toward the bow, and the region oj highest pressures 
narrows toward the keel. Immediately abajt the step the maximum preSSUTes are very mall, but 
increase in magnitude toward the steTn and there once reached a value oj about 5 pounds per square 
inch. 
INTRODUC'rION 
The design of seaplane floats and hulls for strength has in the past been largely determined 
by experience because of the lack of data regarding the loads to which they are ubjected. A 
float that suffers no damage under the conditions it is expected to withstand is satisfactorily 
trong, but, on the other hand, it may have exce s strength and therefore excess weight, which is 
objectionable. In safely reducing float and hull weights to a minimum it is neces ary to know 
the magnitude and distribution of water pressures to which they are subjected. 
To supply data for application in the design of lighter float gear, the Bureau of Aeronautics, 
avy Department, requested this investigation of the water-pressure distribution on a seaplane 
float. It is intended that it will later be extended to include both the twin-lloat and boat type 
seaplanes. 
The major portion of a two-year period over which this investigation extended was devoted 
to the development and construction of apparatus. After numerous trials and laboratory tests 
an in trument was developed to satisfactorily record water-pressure impulses of one one-
hundredth second or longer duration. 
A UO-l single float seaplane was used for the tests, it being particularly suitable for an initial 
trial of the apparatus and method, as it is ea ily handled, is of proven ruggedness, and has a float 
of modern design. The test work was made to include taxying, taking off, and landing runs 
under various conditions, with particular emphasis on bad conditions. On each run records 
were obtained of the water pressures at 15 stations on one side of the float bottom, of the longi-
tudinal float angle, and of the air speed. The average wind velocity was also determined for 
use in finding the water speed of the seaplane. 
This report includes a full description of the in trument developed to record water pres-
sures, a description of the apparatus and methods used in the tests, a table of the water pressures 
found at all stations on each run, a graphical and tabular representation of the maximum pressures 
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at each tation regardle s of the run; and the conolusions arriveu nt as a result of the inve ti-
gation. In the complete table of results each maneuver is de cribed a to air peed, water speed, 
longitudinal iioat angle, and condition of the water urface. The pre ure recorded arc maxi-
mum pres Ul'es that occurred during each run and arc not necessarily simultaneoLls value mce 
the runs had an average duration of two to three second . 
APPARATUS AND METHOD 
APPARATUS 
A Vought UO- 1 eaplane (fig. 1) was used for these tc t. It was equjpped with a WJ'ight 
J4-A engine and a wooden float. The specified talling speed of thi eaplane is 55.5 M. P. H. 
FIG. l.- UO- l seaplane 
The gross weight with instrument installed was 2,764 pound, which i but 19 pounds Ie s than 
the maximum specified gro weight for el'vice conditions. 
The lines of the 0-1 float are hown in Figure 2. It ha an angle of V of 20° at the step 
and aft. Forward of the step the angle of V gradually increa es towal'd the bow. The step i 
272 inche high, and the angle of the after keel i 5°. Thi combination i such that an inclina-
rus 3 4 5 6 7 8 9 W 
illi4::± I I I [I 1;,.1 Id ~~ 
1'<-1. ------ /9' .1 S/~p 6 
F IG . 2. UO- J float 
tion of 672° or more in landing causes the stern of the float to make fir t contact with the water. 
The float deck line is rigged parallel to the thrust axis of the seaplane, thereby making flngle 
of 1%;° and 2Pio, re pectively, with the upper and lower wing chords. 
The instrument installation included the following: 
1. Float-angle observer. 
2. Two recording manometers-two pressure cells ench. 
3. Air- peed swiveling Pitot-static head. 
4. Motor-type timer. 
5. Water-pressure apparatu . 
1. A small motion-picture camera driven by a con tant- peed electric motor wa u ed to 
photograph the hore line parallel to the path of the seaplane, thereby recording the longitudinnl 
angle of the float. The camera was driven at a speed of five pictures per econd . 
2. The two recording manometers were of the type described in Reference 1 as the I . A. 
C. A. recording air-speed meter with the exception of having two pres ure cell each in tead 
of one. One of the four pressure cells thus provided was used to record air peed. The other 
three had heavy diaphragms and were u ed to record pneumatic pressures in connection with 
the water-pressure apparatus described later. 
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3. The swiveling Pitot- tatic head was located on the right front outboard wing trut and 
connected to the air-speed recording pres ul' cell. 
4. An N. A. C . A. motor-type timer wa used to synchronize record by means of timing 
lines at one-second intervals. In reference 2 the . A. C. A. chronometric tim r and the method 
of synchronizing record are described. The motor-type timer is II ed in exactly the arne man-
ner as the chronometric timer, but it depend for its periodic electrical contacts on a rotating 
switch driven by a con tant-
peed electric motor. The 
two manometer records and 
the float-angle record were 
ynchronized by this mean . 
5. The water-pres lire ap-
paratus was used for the first 
time in this inve tigation and 
is therefore de cribed in de tail. 
WATER-PRESSURE APPARAT S 
For the determinati.on of 
water pre sures, 15 water-
pres ure units of the type 
shown in Figure 3 and 4 
were u ed. Each uuit ha , 
four brass pistons fitted in a 
brass case with 0.001 inch 
clearance. The water pre- FIG. 3.-Water-pressuro unit top and bottom views and its externa l diaphragm and retainer ring 
sures on the external cnd of these pi tons arc balanced by a hand-controlled internal pneu-
matic pressure. ThE' external areas of the four pistons are unequal, thereby cau ing un-
eq ual forces to be imposed on the pistons at any given intensity of water pressure. The 
internal area arc equal, and the pneumatic load resisting the water pressure load is therefore 
the arne for each pi ton. The ext.ernal piston areas range from 0.196 square inch for the 
smalle t to 0.276 quare inch for the largest pi ton; thu the range of water pre me necessary 
to operate the four pi tons at a given pneu-
matic pressure i proportionately the same. 
Tn te t work the pneumatic pres ure is ad-
justed to sllch a value that the expected 
range of water pre sures a determined by 
preliminary trial will operate at least the 
largest pi ton but not the mallest. This 
determines the magnitude of the water pres-
sure between limit. If none of the pistons 
operate, only a pre me not exceeded i 
known, and if all opE'rate only a pressure 
exceeded is known. 
Figure 4 is a cross-section dmwing of a } .... 1G. 11. Cross section of waler·pressure uni t 
wa ter-pressure unit. The pistons are hol-
lowed for lightness. Their inner ends are ecmed to an air-tight fabric diaphragm, and a 
similar diaphragm over the external ends excludes wa tel' from the instrumen t. These dia-
phragms are sufficiently flexible to permit the longitudinal piston di placement of about 0.002 
inch that is required to bring each piston again t it re pective contact screw. The contact 
scre, s of the three large t pistons are connected to the fourth screw through parallel resi tances. 
Figure 5 shows a diagram of the resulting circui. u ces ive operation of the pistons results 
in step-by-stf'p increase of the current to the recorder un til a maximum is reaehed when the 
maHest piston operate. 
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When in taIled in the float bottom, the preSSLlre units pre ent a smooth urface £lush with the 
float-bottom planking. Figure 6 hows the float bottom with the pre sure unit in place. 
Twenty-two units were installed, but the recorder could accommodate only 15 at a time. It 
wa intended that a eries of runs would be made with 15 units connected and the runs repeated 
with 7 of the units replaced by the remaining 7. The first 15 units connected included repre-
sentative points well di tributed over the float bottom, and in order to horten the program the 
remaining 7 unit were not connected. 
Referring again to Figure 5, the essential parts of the recording unit are hown to be a 
plunger-type solenoid, a mirror, a light source, and a revolving film. The light beam remain 
Revolving film drum 
MI;-ror~:,--~U 
"""1(\ 
Light 
,..----tJ. source 
t-'So/enoid l"'Dry cell 
"'-Swifch 
in a zero position until one or more piston in the pre ure unit 
operate, when it i deflected in steps. The mea ured deflection then 
indicate the number of pi tons operating. A multiple recording 
instrument with 15 such unit was u ed. It wa a modification of 
an . A. O. A. recording manometer with a centrally located, electri-
cally dr-iven, film drum (Reference 3). The original diaphragm of 
the recording units were actuated by the solenoid plungers. Labora-
tory tests with this mechanism howed that it would record sati -
factorily in less than one one-hundr-edth of a second. The film \Va 
driven at an approximate peed of 2 inches per econd, thereby 
obtaining records showing even the very hort pre sure impulses. 
The pneumatic system used in applying internal pres ure to the 
water-pressure units con isted of a hand pump, three 125 cubic 
inch capacity air tanks, a ight gauge and a pres ure-recording 
manometer for each tank, and aluminum tubing connections. Air 
was supplied to the three air tank by the hand pump at pre ures 
that could be controlled individually . Each tank upplied a par-
Water pressure unit ticular group of water-pres ure units. Group 1 included all unit 
FIG. 5.-Diagram or the electrical abaft the step " group 2, tho e units immediately forward of the Circuit or a water-pressure uuit 
and a recording uuit. step; and group 3, the remainder. By this arrangement it was 
po sible to record ' a different range of water pressures simultaneously in each of the three 
portions of the float bottom. 
Oalibrations of the water-pre ure units, either in or out of the flo at, were made at frequent 
intervals by applying pneumatic pre sures externally on the unit. ~ ith external pre sure as 
ordinate and internal pressure ab ci sa the calibration curve for each piston of a pres ure unit 
wa found to be a straight line; and the lopes of the four curves varied from a minimum for 
tbe largest piston to a maximum for the smalle t piston. Due to the effect of the two diaphragms, 
one at each end of the pistons, 
the calibrations were depend-
ent to some extent on the 
piston displacement necessary 
to make contact. To obtain 
suitable calibrations, it was 
tberefore necessary to make 
very careful adjustments of 
the contact crews. FIG. 6.-UO-l float boiiom with pressure units installed 
Figure 7 is a photograph of the 0 bservel' 's cockpit. In the immediate foreground i the con-
trol board on which all switche and gauges were mounted. In the lower right corner i the 
water-pressure recorder 'with the film drum removed. The three hut-off cock in the upper 
right corner were u ed for individual control of the tl11'ee tank pres ures of the pneumatic sy tern, 
and the three gauges on the control board indicated the pre ures on the tanks. The 15 knife 
switches w(,1'e in circuits onnecting the water-pre sure and recording unit , and could be closed 
at any convenient time before a run. The small toggle switch marked "Motor" controlled 
the recording of all in trurnents except the water-pre sure recorder, in which it only on trolled 
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movement of the film drum. The source light in the water-pressure recorder was in the circuit 
of another toggle switch marked "Timing light." Clo ing and opening of that switch also 
caused start and stop timing lines to appear on the other record. 
With the above instruments and apparatus on each run, continuous records of about five 
or sh seconds' duration were obtained of the air peed, the float angle, and the three tank 
pressures; and shorter records about two to three second in duration were obtained simul-
taneously of the water pressures at 15 stations on one side of the float bottom. Air-speed, 
float-angle, and tank-pre sure records were ynchronized by timing lines at one- econd inter-
vals, and by the arrangement de cribed above two additional timing line on these records 
FIG 7.- Intcrior of the observer's cockpit 
indicated the tart and stop time of the water-pressure record. The hortne of the runs made 
it necessary for the observer to time t,he operation of the switches very carefully, particularly 
in landing runs. 
METHOD OF TESTS 
The program of test work was made to include the following maneuver 
Taking off in smooth and rough water. 
Taxying in smooth and rough water. 
Landing- power off. 
Landing- power on. 
Landing-p ancake. 
Landing-fast. 
Landing- cross wind; wind on right. 
Landing- cross wind; wind on left. 
This program was planned to include every type of water run likely to be encountered in 
safe operation of a seaplane, and more particularly the maneuvers cau ing highest pressures on 
the float. With the latter point in mind, the pilot often made maneuvers as roughly as possible 
with discretion. 
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Taxying maneuvers are further divided to distingui h between the two taAJTing stages men-
tioned in Referen es 4 and 5, and named "plowing" and "planing" in Reference 5. The same 
classification i used here. "Plowing" i taxying in the low-speed range before rising to the 
step, in which condition the float angle i largely independent of the controls. "Planing" i 
taxying on the step and follows naturally after "plowing" in accelerated ta)rying. In this 
condition the longitudinal angle i much more controllable in a widening range as take-off 
speed is approached. 
The te t work wa done on the heltered water bounding Langley Field, with the exception 
of four rough-water take-offs made in choppy tide-di turbed water in Che apeake Bay at the 
mouth of Back River at a time when the wind was not of ufficient velocity to roughen the more 
sheltered water. 
Each time that run were made an ob erver determined the average wind velocity in the 
vicinity of the te t with a vane-type anemometer. The average velocity computed from three 
two-minute reading was used in determining the approximate water speed of the seaplane 
from the air-speed record. 
Two maneuvers-Iow-angle plowing and low-angle planing-were attempts to bring high-
water pre sure. to their maximum forward position. In the low-angle plowing maneuver the 
seaplane was rocked and a record wa taken to include a nose-down attitude, but this did not 
give the small angles desired. Low-angle planing was more succe ful and float angles of 0° 
were obtained. It wa accomplished by a "trick" maneuver invented by the pilot for the pur-
po e and is de cribed briefly in the following paragraph. Of special interest in this connection 
is run 85, in which both the low-angle planing and the subsequent pancake landing were recorded. 
The description follow : 
Immediately following a fast landing, with the float at an angle of from 3° to 6°, and witholJ t 
much loss in speed, the control colunm was given a sharp push forward. The seaplane immedi-
ately went to an approximate horizontal attitude for an instant (not more than one-fifth of a 
second) and then bounced several feet into the air. Skillful maneuvering was then required 
to make the sub equent pancake landing afely. 
The above maneuver i interesting as an example of what can happen when making wat,er 
run at peed above the stalling speed. With a float less deep at the bow it would be a dan-
gerous maneuver, and with a pilot not sufficiently skillful it might be disastrous in any ca e. 
The seaplane wa subjected to orne very severe conditions, but suffered no more serious 
damage than the knocking loose of the copper seam covering on one wing-tip float . The two 
cros -wind landings made in a 16 M. P. H. wind were too severe for repetition. The rough-
water take-oft and some of the pancake landings were al 0 very evere. A seaplane could not 
reasonably be expected to with tand without damage conditions more severe than some of 
those impo ed. 
PRECISIO N OF RESULTS 
There are four ource of error that affect the accuracy of the re ult obtained with the 
water pressure unit. They are (1) accelerated motion of the float bottom at the in tant that 
pressures are recorded; (2) displacement of the piston finite di tance in very short time 
interval; (3) change in calibration; (4) the method of recording pressures indirectly by 
"brficketing" them between high find low limits . 
J. EFFECT OF ACCELER ATIONS 
When calibrated, the external pressure required to operate each piston against any internal 
pressurE' includes tbe weight per unit area of the piston. Under operating conditions when 
the float is decelerated by contact with the water or given an upward acceleration by a wave 
the pre ure required to move the pi ton is increased by the amount, W (; -1). where w is thp,' 
weight per unit area of the piston and a is the acceleration . If the weight per unit area of the 
pi ton were the same a the float planking, the value recorded by the pressure unit would be 
t.he re ultant pre sure imposing stre e upon the float st.ructure. Thi is the pres ure that it 
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is desired to mea ure for use in the design of float structure. Actually the pistons are 13 to 
17 times heavier than the float planking and a correction to the measured pre sures is neces-
sary. With due con ideration for flexibility of the structure it is believed that 8g represents 
an acceleration seldom, if ever, exceeded in these tests, while 4g represent a probable average 
c.ondition. The corrections necessary for 4g and g are tabulated below. 
Pi ton Planking 
Correction (Ib. / q. in. ) 
Piston No. weight ,"eight 
(Ib. /sq. in. ) (lb. / q. in. ) a=4g a= g 
-
L ____________ 0.07 O. 006 0. 216 O. 504 2 _____________ 
.0 4 .006 .234 .546 3 _____________ 
. 094 .006 .264 . 616 4 _____ ________ 
.105 . 006 .297 .693 
Average ___ 
---------- ----------
. 25 .59 
--
2. PISTON DISPLACEM ENT 
Becau e each pi ton mu t move a finite di tance to make electric contact, some of the 
0xternal force on the pi ton is expended in producing thi movement. Thi additional force 
represents an error that may be computed providing the time required to move the piston and 
it weight and travel are known. The period of the water-pressure impulses which are to be 
measured i somethinO' greater than 1/100 second. Therefore pi tons will not be required to 
operate in less time than that. The piston travel is 0.002 inch and the weight of the heaviest 
piston is 0.105 pound pel' square inch. By making the pistons light and the travel small the 
error ha been made negligible even for the as umed minimum time of 1/100 second. The 
magnitude of the errol' is shown in the following computation 
We have 
and 
Then 
whcre 
and 
j = ma. 
= di ·placclllcnl. 
a = accelerat.ion. 
t = time. 
7n = lua . 
j = £orcc. 
Using the value of wcight, displacement, and time givcn above 
j =.105 X 2 X .002 X I0000= 011lb / . 32 .2 X 12 . . sq. m. 
3. CALIBRATION CHANGES 
Ohanges in calibration were fOLmd to occur probably because of changes in the piston-wall 
friction and change of flexibility of the diaphragms. Errors from this cause were minimized 
by frequent calibration. 
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4. "BRACKETING" METHOD 
The accuracy with which exact value may be determined is limited by the method of 
It bracketing" between limits of a pressure exceeded and one not exceeded. If the difference in 
piston areas were made very small, the limit would be corre pondingly close, but the range of 
pre sures that could be included would also be small when the number of pi tons is limited. A 
compromise must be made between the closeness of limits and the included pressure range 0 
that both will be satisfactory. When limiting pressures are found by this method, an assumed 
true value which i the mean of the limit has the least probable error. 
Due to differences in the calibration curves of the variou pressure units, the range between 
limits varies omewhat for different pre ure units, as may be noted from the results given in 
Table 1. The following table, however, was taken from a typical calibration and show the 
pre sure range at two values of the internal pressure and the maximum errors, assuming the true 
pre sure to be the mean of the limits. The probable error i , of course, less than these maxima. 
\ Inlernal Waler 
Maximum error 
Piston Mean pressure 
number pres ure (lb. / q. in. ) 
I (lb. /sq. in. ) (lb. / 'q. in. ) Lb. / q. in. P er cent 
--- ---
3.0 1 4. 5. 2 ± 0.4 ± 7. 7 
3. 0 2 5.6 6.05 .45 7. 4 
3. 0 3 6. 5 7.05 .55 7. 8 
3. 0 4 7. 6 
------------ ------------------------
1.5 1 2. 6 3. 0 .2 6.7 
1.5 2 3. 0 3. 25 .25 7. 7 
1.5 3 3. 5 3. 9 .4 10. 2 
1.5 4 4. 3 
------------ ------------ ---------- --
From the above di cu ion of errors it is concluded that the accuracy of the limiting pre -
sure i affected considerably by acceleration, and the limit probably should be corrected to 
read 0.25 pound per square inch higher than the recorded value. Thi i the average cor-
rection for an acceleration of 4g and should therefore be correct within a small plus or minu 
error. It is further brought to attention that when definite value are desired they should Ce 
taken as the mean of the limit . When this is done the maximum error may be computed, 
and the probable error is omething less than the maximum. 
Errors in the pneumatic pre ure records would affect the accuracy with which records could 
be interpreted. Such errors, however, were so small that they may be entirely neglected. 
Air-speed records have an estimated precision of ± 1 per cent. 
Float-angle check readings indicated a possible error in reading of ± ~ 0 
For wind velocities up to 20 1. P. H. the velocity of unsteady air is not likely to change 
more than 5 /[. P. H. in a hort time. Average wind velocity as determined with the ane-
mometer would then be correct within ± 2.5 M. P. H . 
Water speed is the difference between air speed and wind velocity for a head wind, and is 
therefore ubject to the arne error as the wind velocity-i. e., ± 2.5 M. P. H. 
RE SULTS 
The magnitudes of the maximum pressures occurring at all pre ure stations during eMh !" un 
are recorded in Table I, and the locations of the stations are shown in Figure 8. These alue 
are not nece arily simultaneous values, but are the maximum pressures that occurred during 
each run, which was u ually two to three seconds in duration . Table II is a summary of the 
complete data of Table I giving the five highe t pre ures at all points. Curves showing the 
di tribution or maximum pressure are given in Figure 9. Figure 10 represents graphically 
the di tribution of maximum pressures on the float bottom. Thc value for Figures 9 and 10 
are the highe t pressures of Table II . . In plotting, pres nre exceeded are assumed to be 
exceeded by the average value of 0.5 pound per square inch. 
WATER-PRESSURE DISTRIBUTLO ON A SEAPLA..~E FLOAT 11 
Referring again to Figure and T able II, it is seen that the highest pressures occurred 
immediately forward of the step for the full width of the float bottom. Going forward from the 
step the region of high pressures gradually narrows toward the keel and the magnitudes of 
the maximum pressures decrease. Pressure 
units (1), (2), and (3) located near the step 
recorded maximum pressures in excess of 6 
pounds per square inch, while the maximum 
pressure exceeded at (15) , which was farthest 
forward along the keel, was 2.5 pounds pel' 
Scale in feel 
012 
' - ' ''''O '()'-O' - C; - O 
IS 12 0 B 5 0/ 
140 I/O 10 SO 3 20 
F IG .. - Water-pressure unit locations in the U O- l float bottom quare inch. Pre sures at (15) were seldom 
of sufficient magnitude to be recorded by the 
pressure unit, and when they were they were obviously caused by waves. At (12), (8), and 
(5) there occurred pres ures of increasing magnitude and of more and more frequent occurrence 
in the order named. Station (14) , which wa as far forward as (15), but near the chine, never 
operated; (11) operated but 
8 
4 
o 
'Po inls a/on '9 fhe keel 
I -I 
I-
8t- S I ~ 2 0 I 2 2 I-
/5<>' /2 H- 1- l-T 
Points between ke1/ and chine 
10 ...- 3 
Points a/on the chine 
. -
-
-. -
2' 
t.!< 6 
/~<7' l ij 
~ 0 0 0 0 0 0 Keel ~ 15 12 0/08 5 / g. IS 20 14 II 6 3 0 2 ..... 17 Chine 0 0 0 0 CI) 0 
Righi side of floaf bollom 
FIG. g.- Distribution of maxi mum water pressures on the U O-l seaplane float bottom 
four times, the maximum 
pressure exceeded being 2.3 
pounds per square inch; (10) 
operated more frequently 
than (11) and recorded higher 
pressures; and (6) opera ted 
frequently, often recording 
pressures as great as those 
at (1), (2), and (3). The 
highest pressure recorded at 
(6) was between 5 and 6.8 
pounds per square inch. 
Abaft the step (17) never 
operated and (16) operated 
but once, recording a pressure 
in excess of 1.8 pounds per 
quare inch; (20) operated five tinles during the entire series of runs and once recorded a pressure 
in excess of 3.4 pounds per square inch; (22) operated frequently and once in a very severe pan-
cake landing on glassy water it recorded a pressure of between 4.5 and 5.5 pounds per square inch. 
The time interval of water-pres ure im-
pulses and the frequency with which they 
occur are not hown in the table of re ults . 
In general, it may be aid that high pres ures 
were of longer duration and more frequent 
occurrence at station (1), (2), (3), (5), and 
(8) than elsewhere. The high maximum pres-
sure that occurred were not more than one-
twentieth econd in duration and often were 
much less, but the pressures were likely to 
be maintained near the maximum values for 
longer period ranging approximately from 
one-tenth to one-half second. Maximum 
pre sures at these stations were likely to recur 
several times during a run. 
81 ~' 6 I/) 
4 ~ 
2 \;, 
o Q 
..... 
o 
FIG. 10.-UO- 1 seaplane float bottom showing the distribntion of 
maximum water pressures over one side of the bottom 
It has been mentioned that high pressure 
as great as those at (1), (2), and (3) often occurred at (6), but such pre sures at (6) were of 
shorter duration (abou t one-fortieth second ) and seldom appeared more than two or three times 
during a run. Between these maxima t,he pressure invariably dropped back to small values, 
usually within about one-tenth second. 
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The other units forward of the step-viz, (10), (11), (12), and (15)-also recorded maximum 
pre sure of short duration (one-thirtieth to one-fiftieth second or Ie s). At (12) there wa 
sometimes evidence of pres ure maintained near the maximum values Jor much longer periods, 
but (10) and (11) gave record quite similar to those obtained at (6) . 
baft the step the one pr sure recorded at (16) and tho eat (20) were of very short dura-
tion (one-fiftieth to one one-hundl"edth second approximately). At (22) maximum pre ures were 
of an approximate duration of one-fortieth second and were likely to recur several time in 
rapid succession. 
The re ults suggest that a right triangular area bounded by the tep, the keel, and a line 
drawn from the outermost part of the tep to the point on the keel nearest (15) as the hypot-
enu e wOllld include an area of high and more or Ie sustained pressures decrea ing in magni-
tude toward the bow. Along the hypotenu e and outside the triangle would lie stations (6), 
(10), and (15), at which occurred pressures of shorter duration and deCl"ea ing magnitude 
toward the bow. 
The highest pressures were obtained in rough-water take-offs and pancake landing, al-
though the maxima for some points were obtained in other maneuvers. The rough-water 
take-offs were very evere, due to their being made in choppy tide-di turbed water with little 
wind. All other rough-water maneuvers were made in a much stronger wind on more heltered 
water. 
The result indicate that high pre sures are mo t likely to occur generally over the float 
bottom in rough water, but that pre ure ju t a great may result from bad handling in per-
fectly smooth water. The truth of the latter part of the above tatement is borne out in run 
85 (b). In that run the pressme were not only very high at the step, but the high pre ure of 
4.5 to 5.5 pounds per square inch wa recorded at (22) in the stern. Such a pressure so far from 
the center of gravity must impo e very severe stre ses in the float structure. 
The only available comparative data are those contained in the Briti h reports of Refer-
ence 6, which were obtained on flying-boat hulls. On the F. 3 and H. 16 hulls (R. and M. 6 "3) 
the highest pre sures exceeded were, respectively, .2 and 8.7 pounds per quare inch, and pre -
sures greater than 6 pounds per quare inch were exceeded everal tim s. These pre sures are 
roughly 2 pounds per square inch greater than those recorded on the UO- l float. The F. 3 
and H. 16 hull have approximately the ame bottom V angIe as the UO- 1 float. It is of 
intere t to note that these seaplanes are heavier per beam length in approximately the same 
ratio as the difference in maximum pre ure. . 
CO CLUSIONS 
In the following onclusions regarding the method and resulL those concerning Lhe results 
should be construed a strictly applicable only to the UO-1 float as u ed in these tests: 
The method employed is fe,asible, although ubject to mechanical difficultie that are 
indicated by a lack of pressure record at various tations on different runs, but which may be 
largely eliminated in future te t work. 
The highe t water pressures on Lhe UO- l float occur at the step for Lhe full width of the 
float bottom. 
Extending forward from the tep the region of high water pressure nalTOW toward the 
keel and the magnitudes of the pre ures decrease gradually toward the bow. 
Local water pre ures of con iderable magnitude are likely to occur at the stern of the float. 
There are large portions of the float bottom, ' both aft and forward of the step, on which 
the water pressure are never likely to be greater than 2 to 3 pound per square inch. 
LANGLEY MEMORIAL AERONAUTICAL LABORATORY, 
ATIO TAL ADVISORY OMMITTEE FOR AERO AUTICS, 
LANGLEY FIELD, VA., December 22, 1927. 
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Run 
No . Maneuver Cond ition of watcr 
TABLE I.- WA T E R-PRESSUR E DISTRIBUTIO N ON THE A SE APLANE FLOAT 
Wa t er p ressurcs in p ounds per square inch 
1 
Longi- Sta tion n umber 
Air I Avcrage Water tudinal 
specct i n wind in speed in fl oat 
1\1. P. If. M. P. n. M. P. H . anglc in 1 1 2 3 5 II 6 II 8 II 10 II 11 II 12 II 14 15 16 
a 
Remar ks 
17 20 22 
b a b a b 
.,gcre' l_a I_b ~I_b ~I_bl_a I_b I_a I_b II_a I_b II_a I_b I_a I_b II~J_b II_a I_b II_a I_b I_a I_b 
---,---,,- --,---"---1--- 1-----------------
55 Plowing ____________ Smooth ___________ _ 
56 _____ do _________________ do ______ __ ___ _ 
59 _____ cto ____________ Fairly smooth _____ _ 
60 _____ do _______ __________ <10 ___________ _ 
75 _____ do _______ __________ do ___________ _ 
76 _____ do _________________ do ___________ _ 
46 _____ cto ____________ 15 1,0 ] 8 inch wavcs 
with whitecaps. 47 _____ clo _________________ clo ______ ____ _ _ 
4R _____ clo ________ _________ do ___________ _ 
40 _____ do _________________ do ___________ _ 
62 Low-angle p lowing ___ Fairly smooth ___ __ _ 
815,:1) Low-anglc planing ___ GJassy ____________ _ 
64 ____ do _________ ___ ]2 to 15 inch waves __ 
S6 Taking-ofT __ __ _ __ ___ SmootlL __________ _ 
61 _____ do _____________ Fairly smooth _____ _ 
2S _____ clo __ ___ _______ 12 to 15 inch wavcs __ 
.57 _____ do _________________ do ___________ _ 
58 _____ do ________ _________ clo _________ __ _ 
77 _____ do ____________ Choppy; 18 to 24 
inch waves. 
78 _____ do ________ _________ do ___________ _ 
79 _____ do _________________ do __ _________ _ 
80 _____ do ___________ _____ _ do ___________ _ 
11 Landing-power ofL_ Smooth ___________ _ 36 _____ do ________ _________ do ___________ _ 
37 _____ do _________________ do ___________ _ 
38 _____ do _________________ do ___ ______ __ _ 
39 _____ do _________________ do ___________ _ 
82 _____ do ___ ______________ do _______ ____ _ 
71 _____ clo ____________ Fai rly smooth ___ __ _ 
72 __ ___ do _________________ clo ___________ _ 
73 Landing-powcl' on _______ clo ___________ _ 
~1 === ==~~= = = = = = = = = = =='- 12 -t-ocl~5 i~ch -\~;;;s-_= 
25 _____ do __ ______ ____ 15 to 18 inch waves 
with whiLecl1ps. 26 _____ clo ___________ ______ clo ___________ _ 
27 __ ___ clo ____________ _____ do ___________ _ 
51 Lallding- fast _____ _ Sm ooth ___________ _ 52 _____ do ___________ _____ _ do ___________ _ 
53 _____ do ____________ _____ clo ___________ _ 
66 _____ do ________ ____ _____ do __ __ ______ _ _ 
87 _____ do _________ ________ do ___________ _ 
65 ____ clO ___________ _ \ 12 to 15 inch Wl1ves __ 
8:3 (b) Ll1ncl ing- p::mcl1kc ___ Glassy ____________ _ 
14. \. ____ clO _____ _______ \ Smooth ___________ _ 
67 _____ do ___ ____ __________ do ___________ _ 
6R _____ do ________ _________ do ___________ _ 
17 _____ do ___________ _ 15 to 18 inch waves 
with wh itccaps. 20 _____ do _________________ do ___________ _ 
69 Landing - cross Smooth ___________ _ 
wind ; wind 011 
right. 70 ___ __ do ___ _____ _________ clo _____ ___ ___ _ 
44 Landing- cross 15 to 18 inch waves 
wind; wind on left. with whitecaps. 45 _____ do _________________ do ___________ _ 
33 
36 
31 
44 
27 
26 
30 
27 
33 
'L4 
41 
5R 5 
54. 5 
41 
54 
4:3. 5 
52 
49 
43.5 
49 
49.5 
50 
62 
56 
55 
57 
59 
58 
59 
55 
59 
63 
40.5 
52 
40 
50 
67 
63. 5 
61 
6.'5. 5 
66. 5 
65 .. 5 
56 
51 
69 
53.5 
50 
1)4 
63. 5 
59.5 
63.5 
64.5 
a = prcssure exceeded; b = pressure not exceeded. 
8. 5 
8. 5 
11 
11 
11 
II 
17 
17 
17 
17 
11 
3 
13 
]0 
11 ] 5 
15 
15 
11 
11 
11 
11 
9 
10 
10 
10 
10 
8 
11 
11 
11 
11 
15 
17 
17 
17 
7 
7 
7 
] 0 
] 0 
13 
3 
5 
10 
]0 
19 
19 
10 
10 
16 
16 
N OTE.-Float angles fo r land ings are the angles at approach . 
24. 5 
27. 5 
20 
33 
16 
] 1) 
13 
10 
16 
27 
30 
55.5 
41. 5 
31 
43 
28. 5 
37 
34 
32.5 
38 
38. 5 
39 
53 
46 
45 
47 
49 
50 
48 
44 
48 
52 
3
'
1. 5 
35 
32 
33 
60 
56. 5 
54 
55. 5 
.56. 5 
52. 5 
53 
46 
59 
43.5 
31 
35 
63. 5 
59. 5 
63.5 
64.5 
i8 1===== ===== == == = ===== ===== ===== 1031, ____ 3.0 _____ 3. 2 3.5 4.1 
4-8 1 2. 9 - - - - - 2. 7 2. 9 2. 1 2. 6 9- 12 _____ 3.0 _____ 3.2 _____ 2.8 
10- ii ===== _ ~._~_ ===== _ ~~~ _ ===== _ ~._ ~ _ 
4. 7 
2. 6 
4. 4 
2.1 
4. 7 
2.9 2.4 
3. 2 
1. 8 2. 7 
2.5 3.8 
2. 7 
1. 4 
3. 0 
3. 1 
3.0 
2. 0 1. 0 11 __ __ _ 2. 0 ____ _ 
2. 5 _ _ _ _ _ 1. 6 
2.4 3. 0 
2.2 
1. 1 
2. 3 
2. 2 ____ _ 
2. 6 ' ____ _ 
2. 0 2. 2 1. 3 1 _________ _ 
1. 9 2. 1 1. 7 1 - - - __ 
2.1 
1.0 
2. 1 
1. 5 
2. 5 
1. 2 
1. 5 
2. 3 _ _ _ _ _ 2. 2 _ _ _ _ _ 1. 3 _ _ _ _ _ _ _ _ _ _ 1. 0 _____ I . 8 
2. 7 ____ : 2. 7 _ _ _ _ _ 1. 1 _ _ _ _ _ _ _ _ _ _ 1. 2 _ _ _ _ _ 1. 1 
3. 2 3. 7 _ _ _ _ _ 2. 4 _ _ _ _ _ 1. 8 _ _ _ _ _ 1. 9 _ _ _ _ _ 1. 7 
2. 5 2. 8 2. 6 _ _ _ _ _ 2. 0 2. 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1. 2 
4. 4 4. 2 5. 2 _ _ _ _ _ 6. 7 _ _ _ _ _ 4. 5 _ _ _ _ _ 4. 1 
2. 0 
1.0 
2. 0 
1. 5 
2. 3 
1.1 
1. 6 
1. 0 
1. 1 
1.7 
1. 7 1 __ _ _ _ 
11 
]0 
8-11 
3-7 
0- 4 
Y2-9 
1.5 ~ 1 ~4 ~ 1 1~5 5. 2 5. 5 _ _ _ _ _ _ _ _ _ _ 4. 0 4. 7 
_ 3~ ~ _ 4. 1 _ ~._ ~ _ = = = = = _ ~._ ~ _ !: f 2. 4 3. 3 3. 6 _ _ _ _ _ 3. 3 3. 7 3. 0 _ _ _ _ _ 2. 1 __ ___ II 2. 0 
4. 8 
2. 5 
4. 9 
2. 1 
1. 3 
2. 0 
1.0 
3. 3 
4. 4 _ _ _ _ _ 4. 1 _ _ _ _ _ 6. 8 _ _ _ _ _ 4. 6 _ _ _ _ _ 4. 2 
3. 2 4. 1 4. 4 3. 1 5. 0 _____ , _ _ _ _ _ 3. 2 _ _ _ _ _ 2. 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 2 
.5 
4- 9 
6- 9 
4- 6 
4-6 
3. 3 3. 2 3. 7 _ _ _ _ 1_ - - - -
~ 1 ~5 ~S 4.2 ~8 4.6 
1.4 1. 6 2. 1 2.2 1 _____ -----
2. 8 II 4.3 ----- 1. 0 1. 2 1. 0 __________ 1.2 II 1. 1 
4. 1 4. 4 _ _ _ _ _ 2. 7 _ _ _ _ _ 2. 1 2. 4 _ _ _ _ _ 2. 2 
2. 6 _ _ _ _ _ _ _ _ _ _ 1. 3 1. 9 _ _ _ _ _ _ _ _ _ _ 1. 1 __ ________ 11 ____ _ 
5- 10 5. 4 5. 5 6. 2 3. 5 4. 0 5. 3 1 _ _ _ _ _ 3. 6 2. 8 3. 5 _ _ _ _ _ 3. 2 _ _ _ _ _ 3. 0 2. 8 
5- 18 1 2. 0 2. 4 2. 7 _ _ _ _ _ 2. 5 _ _ _ _ _ 2. 5 2. 8 2. 6 _ _ _ _ _ 2. 3 _ _ _ _ _ _ _ _ _ _ 1. 3 
5-10 5. 9 6.0 7.0 6. 3 _____ 4.3 5.0 6. 8 4.8 5.9 _____ 4. 4 
_ __ ~~ _ _ i: g _ _ _ _ _ _ ~~ ~ _ = = = = = _ ~~ ~ __ ~._ ~ _ ~: ~ _ ~._ ~ _ _ ~._ ~ _ = = = = = 3: ~ = = = = = = = = = = = = = = = II = = = = = 
12 Y2 _ _ _ _ _ _ _ _ _ _ 2. 4 2. 7 _ _ _ _ _ _ _ _ _ _ 2. 6 _ _ _ _ _ _ _ _ _ _ 1. 3 1. 4 _ _ _ _ _ 1. 4 _ _ _ _ _ _ ___ _ 
9 _______________ 2.3 ____ ___________ 1. 9 _______________ 1. 4 __ __ _ 1. 5 
8 2. 3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 1 _ _ _ _ _ _ _ _ _ _ 1. 1 1. 1 _ _ _ _ _ _ _ _ _ _ 1. 0 
9 1. 9 3. 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3. 1 _____ , _ _ _ _ _ 1. 7 1. 5 _ _ _ _ _ _ _ _ _ _ 1. 5 
12 5. 3 5. 6 5. 5 6. 3 4. 1 4. 9 4. 5 6. 0 _ _ _ _ _ 4. 1 6. 9 _ _ _ _ _ _ _ _ _ _ _ __ _ _ 
9 4. 3 3. 2 3. 8 2. 8 3. 4 3. 1 4. 3 3. 1 3. 7 2. 8 3. 5 _ _ _ _ _ 2. 5 ____ _ 
.. _ _ _ _ _ _ _ 2. 3 2. 6 2. 8 2. 5 2. 8 3. 2 _ _ _ _ _ 2. 3 3. 0 2. 0 2. 2 _ _ _ _ _ _ _ _ _ _ _ ___ _ 
731 4. 3 _____ 1 3. 7 4. 1 2. 7 3. 3 3. 1 4. 2 _ _ _ _ _ 2. 9 2. 1 2. 7 2. 5 
7 2. 4 _ _ _ _ _ 2. 3 2. 5 2. 5 _ _ _ _ _ 2. 8 _ _ _ _ _ 2. 0 2. 7 1. 8 2. 0 1. 1 
11 31 _ _ _ _ _ 2. 7 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 7 _ _ _ _ _ 2. 8 1. 1 _ _ _ _ _ 1. 4 
10 2.5 3.5 2. 3 3. 0 3.3 1.2 1.9 
1. 3 
4. 0 
2. 1 
. 9 
1. 1 
1.4 
.8 
1. 2 
4.2 
2. 3 
1. 2 
2. 2 
1. 1 
1. 4 
1. 2 
] 0 _ _ _ _ _ 2. 6 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 6 3. !J 
1031 _____ 2. 7 _________________________ 2.6 3.5 3. 9 
1. 3 
2. 7 
1.7 
1. 6 
4.1 
4. 9 
4. 0 
1.5 
1. 3 
1. 5 
1. 9 
1. 4 
1. 8 
2. 0 \\ 2. 1 _ _ _ _ _ _ _ _ _ _ 1. 3 1. 6 2. 2 _ _ _ _ _ 2. 3 ____ _ 
6 _____ _____ __ ___ _____ _____ _____ 2.4 ______ __ _ _ _____ _____ _____ .9 
_ ________________________ _____ ________ 4.5 _________ _ _ ______ ________ 1. 9 
5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3. 2 _ _ _ _ _ _ ___ _ 
----- _____ 1. 4 1. 3 
7 2. 1 1 2. 5 2. 1 2. 5 1. 8 2. 2 _ _ _ _ _ 1. 7 1 ___ --
g - 4.-3- ===== -i-8-- 4.-3 - ~ : ~ ~: g -2.-9- !: 51-i-7--
7 I 5. 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 6. 1 _ _ _ _ _ 4. 3 5. 7 ____ _ 
2. 0 1. 0 1. 0 
6. 8 4. 6 4.2 
3.6 2.3 2.1 
6. 5 4.4 4.0 
3. 3 
1. 2 
3. 8 4.5 
2.0 _____ 11 ____ _ 1. 9 _________ _ 
2. 0 _ _ _ _ _ _ ___ _ 
1. 4 
.8 
1. 3 
5. 0 
2.2 2. 7 1. 6 _____ ____ _ 
_____ 2.2 ____ _ 
1. 0 _________ _ 
2. 5 _ _ _ _ _ _ ___ _ 
2. 6 
2. 8 
3. 0 
.9 
1. 8 
1. 2 
. 9 
4. 9 
2. 0 
4. 7 
10 \\ 2. ~ \2.7 1\2. ~ 1 2. 7 11--- --\-----1\ 2. 7 1-----11--- --\-----\1 1. 0 \ 1.411 1. 5 \-----\1-----\ . 9 1\ 2. 0 1- ----"-----7 3.;) 4. 0 , 4.;) 4. 9 , 4. 1 4. 7 1 _ _ _ _ _ 3. 8 1_ _ _ _ _ 3. 5 1_ _ _ _ _ 2. 6 1 _ _ _ _ _ 3. 0 1_ _ _ _ _ 2. 7 1 _ _ _ _ _ 2. 6 
10 
13 
10 
6 
2. 5 
2. 8 
3. ] 
3.7 
772 \\ 1. 6 9 1. 7 
9 2. 3 
3. 4 
4.5 
2. 2 
3.0 
3.2 
3. 2 
2. 3 
2. 7 
3. 3 
2. 4 
3.6 _ ~·_~J~·_~Jh.-G-!_ ~·_~J~·_~J== j\ i: ~ 
3. 8 II 2. 8 I 3. 4 
2.4 
3.5 
1. 8 I 2. 2 
3.5 '- 3.-2T= ==T 3.-6-
1. 8 II 1. 5 
2. 8 
1. 8 
1. 5 
1. 2 
2. 2 
1. 9 
1. 5 
2. 0 
2. 8 
2. 3 
1. 6 1.0 
1. 1 1.0 
1.3 
_ ~._~J===1~._~_h.-3-11 2. 0 
2. 1 L ___ l l. 1 \\ _____ \ 1. 1 2.3 _____ _____ .9 
3. 7 
-----1-- -- -11 3. 7 1---- - 1'- ---- 2. 2 1. 4 1 _____ 11 2.7 1 _____ 11 ____ -1 1. 2 
1.0 
1. 3 
1.3 
1. 8 
2. 2 
1. 0 
1. 3 
1. 6 
2. 4 
1. 1 
2. 4 
1.7 
2. 8 
1. 3 
1. 8 
_____ 1 2.5 1--- --
_ _ _ _ _ 1. 4 ____ _ 
2. 0 
2.3 
.7 
2.3 
1. 6 
2. 8 
1.0 
1.7 
1. 0 _____ 1. 3 _____ .7 
1. 2 _ _ _ _ _ 1. 5 _ _ _ _ _ 1. 0 
2.0 _____ 2.2 _____ 1. 9 
1. 3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1. 0 
4. 8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 5. 0 
2. 5 \ --- -- __________ 2. 6 
4.9 __ ____________ _ 5. 1 
2. 0 _______________ 2. 5 
1. 2 _____ 1. 2 __ ___ 1. 5 
2.5 _______ __ __ __ __ 2.4 
1. 1 ----- ----- _____ 1 . 8 3.4 _______________ 3. 4 
1. 4 
4. 7 
2.4 
.7 
1.2 
1. 5 
. 8 
1. 4 
4. 9 
2. 7 
1. 2 
2. 6 
1. 1 
1.5 
1.3 
1.4 
1.5 
1.0 
2.1 
1. 4 
1. 1 
4. 9 
2. 4 
4. 7 
.9 
1.6 
1. 8 
1.2 
1.7 
_____ 1 1. 5 11-----
1.3 
2. 4 
2. 5 
1.3 
_____ 1 2.3 11-----
_ _ _ _ _ 1. 6 ____ _ 
1. 1 
4. 8 
2. 2 
2. 0 
.5 
1. 1 
.6 
1. 3 
5.1 
2. 6 
. 9 
2. 5 
. 7 
1. 6 
1.4 
1. 5 
1. 6 
.7 
2. 1 
1.0 
. 7 
5.1 
2. 3 
4. 7 
.8 1\ 1. 8\-----\\----- \ 1.1 3. 1 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3. 1 
1.2 
2. 7 
1. 9 
3. 1 
1.3 
1. 9 
2.8 \ _________ _ 
1. 5 _________ _ 
2.9 2.5 2. 6 
2.2 \ _____ 1. 8 3. 3 _ _ _ _ _ 2. 9 
1. 7 _____ 1. 3 
2.3 _________ _ 
1. 2X ===Ti:i3-II====T==== __1 ___ _ 
1. 3 
5.7 
2. 9 
5. 8 
2. 8 
1.6 
2. 7 
1. 2 
3. 6 
6.6 
3. 1 
6.8 
3.0 
2.2 
3. 0 
3. 8 
2. 8 
1. 3 
4. 4 
3. 4 
4. 5 
2.6 1 ____ _ 
2. 5 
1. 2 
3. 1 
J. 5 _____ 1. 8 2. 0 ____ _ 
5. 2 _ _ _ _ _ 5. 1 _ _ _ _ _ 4. 4 
2.5 2.8 _____ 3. 1 ____ _ 
__ ___ , __ ____ __ __ 2. 3 _________ _ 
1.0 1. 2 _________ _ 
1. 5 1. 8 _____ 1. 5 
1. 1 1. 3 ___ ____ __ _ 
1. 6 1. 9 _________ _ 
5. 5 6. 8 _ _ _ _ _ 4. 5 
2.9 3. 1 3.5 
1. 2 1. 6 1. 7 
2. 9 3. 1 2. 7 I 2. 9 
1. 1 1. 4 1. 3 
1. 7 2. 3 1. 7 
1.5 
1. 6 
1.7 
1.2 
2. 3 
1.2 
1.1 
5.8 
2. 5 
5.5 
3. 5 
3. 4 1 _____ " _____ ' ____ _ 
2. 2 
2. 3 2.6 
1.4 
2. 7 
1. 4 11 _____ 11. 1 6. 7 _ _ _ _ _ 4. 5 
2.8 2.5 2.7 
6.3 4.5 5. 5 
1. 4\' 1. 4 1 ____ _ 
3. 6 1_ _ _ _ _ 3. 2 
1. 1 
. 9 1.0 1: ~ II= ===J ~'_~J ~'_~-' ~: ~ 1. 3 , ____ _ 
. 9 \\ 1. 7 \ 1. 8\\ 1. 8 \ _____ 1\-----\-----\\ 3.3 1---2-11-2---'-----2. 7 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 6 . _ _ _ _ _ 3. 0 _ _ _ _ _ 3. . 8 
1. 2 
1.0 1. 3 
1. 4 11- ___ -1 1. 6 
-----1 
.9 
. 8 
1. 1 
1. 2 
1. 2 
1. 5 
1. 6 I' 1. 3 
I 
---- -,-- -- -r ----,- ----
Choppy water a t mouth of 
Back River, disturbed by 
t ide. Very severe shocks . 
D o. 
D o. 
D o. 
Made as severe as safely pos-
sible. 
D o. 
D o. 
D o. 
Severe pancake. T his is sub-
sequent pancake following a 
nose down immediately after 
landing fast. 
Plane bou nced o ff a nd ni gh t 
continued without land in g . 
Very sevcre landing shocks. 
D o. 
Landi ng not severe. 
D o. 
Severe landing. 
T oo severe a landing for repe-
t it ion. 
98826-28. (F ollow p. 13.) 
_. ---- - ---
TABLE II.-SUMMARY OF FIVE HIGHEST WATER PRESSURES AT ALL STATIONS 
Station number 
,1 I 2 3 I 5 6 8 I 10 11 
Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure 
Run (lb./sq. in.) Run (lb./sq. in.) Run (lb./sq. in.) Run (lb ./sq. in.) Run (lb ./sq. in.) Run (lb ./sq. in .) Run (lb./sq. in.) Run (lb./sq. in.) 
No. No. -- --- No. INo. No. 
_a I_b 
No. 
I 
No. No. 
a b a b a b I a b a b a b a b 
--
-_. 
---- -1-/------ -- -------'---------
79 5.9 
------
79 6.0 7.0 79 6.3 ______ 61 5.0 
------
79 5.0 6.8 79 4. 8 5.9 64 3. 0 __ ____ 27 2. 3 
- ------
77 5. 4 
------
77 5.5 6.2 85b 6. 1 
------
52 4.5 
------
28 4.3 
------
80 3.5 
------
45 2.7 
------
64 2.1 
-------
82 5. 3 5.6 82 5.5 6. 3 87 5.5 6.5 82 4.5 6.0 85a 4.2 5.2 64 3. 3 3. 7 44 2.3 
------
20 1. 3 
-------
85a 5. 2 5.5 67 4.5 4.9 67 4. 1 4.7 59 4. 4 4. 7 26 3. 9 
------
65 3. 3 3.6 68 2.3 
------
17 1.0 
-------
85b 5.0 
------
61 4. 1 4. 4 82 4. 1 4.9 79 4. 3 
------
46 3.8 
------
77 2. 8 3.5 27 2. 2 
------ - --- ------ -------
Station number 
12 
-I 14 15 I 16 17 20 22 
Pressure Pressure Pressure Pressure Pressure Pressure Pressure 
Run (lb./sq. in.) Run (lb ./sq. in .) Run (lb ./sq. in .) Run (lb./sq. in.) Run (lb. /sq. in .) Run (lb. /sq. in .) Run (lb. /sq. in.) 
No. No. No. No. No. -- No. 
a b a b a b a b a b a b a b 
I 
-- -------------
~I 
------- -----
79 3. 8 4.5 
------ ------ ----- -
27 2.5 
------
20 1. 8 
------ ------ ------ ------
25 3.4 
------
85b 4.5 5. 5 
27 3.0 
------- ------ ------ ------
26 2. 4 
------ ------ ------- ------ ------ ------ ------
20 3.3 
------
71 3.5 
--------
77 2. 8 3. 3 
------ ------ ------
14 1. 8 
------ -- ---- ------- ------ ------ ------ ------ 80 2. 8 -- ---- 80 3.1 --------
26 2. 8 
----- -- ------ ------ --- ---
20 1.7 
------ ------ ------- ------ ------ ------ ------
27 2. 3 69 2.8 
--------
25 2. 6 
-------1------ ------ ------ 25 1.3 ------ ------ ------- ------ ------ ------ ---- -- 68 1.5 1.8 64 2. 8 3.4 
... _-
---
a=pressure exceeded; b=pressure not exceeded. 
N oTE.-The lack of agreement between run numbers and highest pressures at adjacent points (particularly 1, 2, and 3) is likely due to lack of records at some 
points on various runs. (See T able I. ) Units 14 and 17 never operated, 16 operated but once, and 11 four times. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 
kds Moment about axis Angle Velocities 
Force 
(parallel Linear 
Sym- to axis) Designa- Sym- Positive Designa- Sym- (compo-Designation bol symbol tion bol direction tion bol nentaJong Angular 
axis) 
LongitudinaL __ X X rolling _____ L Y----.Z rolL _____ cJ> u p 
LateraL _______ Y Y pitching ____ M Z----.X pitch _____ e v q NormaL ______ Z Z 
Absolute coefficients of moment 
D, Diameter. 
Pe, Effective pitch 
Po, Mean geometric pitch. 
P., Standard pitch. 
Pf), Zero thrust. 
pa, Zero torque. 
p/D, Pitch ratio. 
V', Inflow velocity. 
Va, Slip stream velocity. 
yawing _____ N X--Y yaw _____ 'l' w r 
Angle of set of control surface (relative to neu-
tral position), O. (Indicate surface by proper 
subscript.) 
4. PROPELLER SYMBOLS 
T, Thrust. 
0, Torque. 
P, Power. 
(If (( coefficients" are introduced all 
units used must be consistent.) 
71, Efficiency = T VIP. 
n, Revolutions per sec., r. p. s. 
N, Revolutions per minute., R. P. M. 
<P, Effective helix angle = tan-1 (~) 271"rn 
5. NUMERICAL RELATIONS 
1 HP=76.04 kg/m/sec. =550 lb./ft./sec. 
1 kg/m/sec. =0.01315 HP. 
1 lb . = 0.4535924277 kg. 
1 kg =2.2046224 lb. 
1 mi. /hr. = 0.44704 m/sec. 
1 m/sec. = 2.23693 mi.jhr. 
1 mi.=1609.35 m=5280 ft. 
1 m = 3 .2808333 ft. 
